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INTRODUCTION 

1.    Purpoae  of  the  Invegtigatlon. 
This  *ork  ims  undertaken  for  tbe  purpose  of  Inves- 
tigating the  plant  food  constituents  of  the  leaTes  of  three 
typical  New  England  forest  trees  at  the  beginning  of  their 
aetirity  in  the  spring  and  practically  at  the  end  of  their 
growth  in  the  fall;  to  obsenre  the  difference  in  content  of 
these  materials  in  the  leares  taken  from  the  branches  nearest 
the  soil  and  those  from  the  very  top  of  the  tree}  to  obsenre 
the  varying  content  in  the  leaves  of  the  same  species  of  tree 
grown  upon  different  soil  type;  also  to  estimate  the  manurial 
▼alue  of  leaves. 

pr.    Review  of  the  Litsraturg- 
The  numerous  factors  entering  into  the  variations 
in  the  plant  food  content  of  various  forest  leaves  make  it 
extremely  difficult  to  draw  any  absolute  conclusions  as  to 
tbe  direct  causss  of  the  variations.    The  literature  upon  this 
pfaass  of  the  investigation  will  bring  out  these  various  factors 
and  the  results  assigned  as  being  directly  caused  by  these 
factors* 
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As  early  as  1795  the  Earl  of  Dundonald  (l)  arrived 
at  some  fundamental  conclusions  in  re^rd  to  the  effect  of 
trees  upon  the  soil.    After  careful  investigation  the  author 
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•hewed  that  plants  grown  upon  the  sao*  soil  and  upon  differont 
soils  had  varying  amounts  of  their  eharaoteristie  constituents. 
As  different  parts  of  a  plant  require  different  proportions  of 
these  essential  elements,  he  concluded  the  plants  must  draw 
upon  these  substances  at  different  periods  of  their  growth* 

On  the  analysis  of  the  oat  plant  in  an  unripe  state 
and  in  the  ripe  condition  Norton  (2)  shows  the  varying  amount 
of  the  different  constituents  of  the  leaves  in  weekly  periods 
from  the  beginning  of  growth  until  it  is  harvested.    In  the 
dry  material  of  the  oat  leaves  the  ash  increased  from  10.83^ 
to  a  maximum  of  22.13^,  and  during  the  ripening  period  the  per- 
centage ash  decreased,  which  was  assigned  as  being  due  to  some 
of  the  constituents  being  carried  back  into  the  stalk,  which 
shows  an  increase  at  the  ripening  period.    The  potash  and 
phosphoric  acid  content  exhibited  a  deoreaee  thruout  the  grow- 
ing ssason,  while  the  silica  content  showed  a  very  marked  in- 
crease.   Vith  the  ripe  plant  Norton  noticed  that  the  composi- 
tion of  the  leaf  varied  with  the  soil,  the  manure,  variety  of 
oat,  and  the  position  of  ths  leaf  upon  the  plant* 

Michael  (3)  in  her  Investl^tlons  upon  the  compara- 
tive chemistry  of  higher  and  lower  plants  observed  that  the 
ash  oonstituente  of  a  plant  increassd  from  the  roots  upward 
to  the  leaves  and  also  found  this  general  principle  to  be 
true  in  the  entire  plant  kingdom. 

The  reeults  of  E.  Wolff  (4)  and  Staffel  (5)  in  their 
8«parate  work  upon  the  leaves  of  the  common  Horse  Chestnut 


(AsseuluB  Hlppocastanum  (L.)  shoved  a  deoreass  In  the  per- 
centage of  potaeh  an*  phoaphorie  acid  In  fall  leayee  com- 
pared to  those  in  the  spring.    Line  and  silicic  acid  ex- 
hibited a  large  increase.    The  analytical  results  of  the  two 
authors  indicated  a  large  Tariation,  but  this  may  be  accounted 
for  by  the  fact  that  the  leares  were  collected  from  widely 
different  soil  types  in  different  sections  of  Oeroany  and  at 
a  different  time. 

Staffel  (6)  also  inyestig^ited  the  constituents  of 
the  walnut  leares  (Juglans  regis)  and  here  a^in  the  same 
general  relations  as  to  the  contents  hold. 


In  100  parts  of  ash 


OaO 

SiO, 

Chestnut  lytyas  V&v  6.  18SP  

49.32 

13.17 

24.40  _ 

1.76 

«             »     Sep+anihar  1.  1849 

19.57 

40.48 

8.22 

13.91 

Walnut  leayea  May  31.  1650  . 

42.70 

26.86 

21.12 

1.21 

"            "      August  27.  1649  

26.57 

53.65 

4.04 

2.02 

Both  samples  were  collected  in  Jena,  Gemany. 

Wittstein  (7),  Zoeller  (8),  Fresenius  (9),  Wicke  and 
Henrici  (lO)  inrestigated  the  constituents  of  the  leavee  of  the 
beech  tree  (Tagus  sylratica)  and  their  results  in  the  table 
following  show  the  same  relations  between  the  mineral  ingredients. 
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Wittsteln 


Beech  laaras   No  date  given 


Um.y  16.  1861 


20.56 


42«11 


(M 

25.58 


13.83_ 


P,0, 

12.00 


32.43 


810, 

28.50 


1.62 


July  16.  1861 


42.34 


e.2» 


Ph.  Zoeller 


Oat.  15.  1861 


7.15 


50.66 


5.13 


21.39 


30.50 


( Tree  about  20-30 


Mov.  1860 


1.33 


45.72 


2.61 


yeare  old) 


Mot.  1862 


5.53 


46.27 


3.79 


32 » 6* 


32.34 


p.  FreseBlae 


Fresh  leaves  in  AuRuet 


20.87 


32.62 


7.86 


10.17 


W^eke  t  Heffrlel         Dried  leaves  (dead  leaves) 


1.96 


JhSL 


1.18 


26.7CL 


Meubauer  (ll),  Wlcke  and  Henrlci  (12)  took  fresh  leaves 
of  the  ooamon  oak  (Quercus  Robur)  In  August  and  dead  leaves  from 
the  same  tree  in  the  fall,  and  found  a  large  decrease  In  ths 
potash  and  phosphoric  acid  and  an  Increase  In  lime  and  silicic 
acid. 

Wittsteln  (13),  J.  Schroder  (14)  and  A.  Beyer  (15) 
sxaalned  the  leaves  of  the  white  birch  (Betula  alba  L.)  with 

similar  results. 

Reioterdt  (16)  worked  upon  the  leaves  of  the  white 
willow  (Salix  alba  L  var  vltelllna  L.)  arriving  at  the  saaM 
conclusions. 

Krutiseh  (17)  and  Karmrodt  (18)  used  the  needles 

of  the  scotch  pine  (Plnus  sllvestrls  L.)  and  the  spruce  fir 
(Pinus  albles  h.)  (Albies  excelsa  Link)  for  their  InvestlgJi- 
tion  of  the  conetituents;  Schulzs  (19)  investigated  the 
needles  of  the  Scotch  pitas  and  also  of  the  silver  fir  (Plims 
Plcea)  (Albiss  pectimta).    The  potash  and  phosphoric  acid 


eontant  in  thm  neodles  of  thss*  various  pines  «as  eonsidsrably 
less  than  in  the  leaTss  of  other  tress,  while  the  silioio  acid 
and  lins  content  in  ths  najority  of  eases  was  higher  than  that 
of  other  tree  learss* 

The  Influence  of  Different  factor a 
upon  the  Compoaltion  of  Leaves. 

Succeeding  this  sarly  period  of  investigation  upon 
ths  coiQ>osition  of  leaves  from  various  forest  trsss,  nunerous 
researches  .rare  publishsd  in  which  ths  invsstig&tors  endeavored 
to  show  the  variations  due  to  the  period  of  development  of  ths 
leaves,  to  their  height  from  sea  level,  to  the  effect  of  soil, 
and  te  the  development  of  the  tree  itsslf. 

Rissmullsr  (20)  studisd  the  variations  in  the  several 
Inor^nic  constituents  of  the  leaves  of  a  beseh  trss  (Fagus 
sylvatica)  growing  in  ths  botanical  gardens  at  Munich  at  differ- 
ent periods  in  their  development.    The  tree  had  never  borne 
fruit,  which  factor  did  not  enter  into  the  problem.    The  leaves 
were  collected  every  month  from  Uay  to  the  middle  of  November, 
and  his  rssults  showed  a  decrease  of  potash  and  phosphoric 
acid  svsry  month,  potash  dropping  from  31.23^  in  May  to  5.78 
in  November,  while  ths  phosphoric  acid  dropped  from  21.27^ 
to  l.oej.  in  the  same  period.    On  the  other  hand,  lime  and 
eilicic  acid  showsd  an  increassd  psreentage,  the  former  in- 
creasing from  14.96%  In  May  to  32.95%  in  November,  and  ths 
latter  going  from  1.87%  to  26.32%  in  the  same  time.    The  other 
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inor^nie  eonstituenta  showed  only  R  T*i7  aliglit  TarUtloa 
thruout  the  period  of  deTelopneat. 

Dulk  (21)  investigated  the  contents  of  beesh  leaTes 
oolleeted  from  a  tree  in  the  botanieal  gpirdena  at  Hohecheim. 
His  results  agree  in  general  with  thoss  of  Risasuller,  although 
they  do  not  show  sueh  a  wide  variation  from  the  early  to  the 
last  stage  of  growth.    There  was,  however,  one  exception  which 
Dulk  explained  as  possibly  being  due  to  the  weather  conditions, 
whitttweret    "July  and  August  wara  and  dry,  September  cold  and 
moist,  October  waraer."   His  results  show  a  deereass  in  potash 
and  phosphoric  acid,  as  growth  proessded  until  October  when  a 
rery  martced  increase  was  noted,  followed  by  a  drop  in  MoTember 
noticeably  below  the  results  obtained  in  Soptsmber.    In  the 
ease  of  silicic  acid  and  lime.  Instead  of  a  constant  increase 
there  was  a  deereass  In  October* 

Weber  and  Eberwiyar  (22)  in  1872  working  together 
obtained  practically  identical  data  with  the  learee  of  beech 
trees  grown  In  the  forest  at  Asct»f fenburg* 

Weber  (23)  obtained  very  marked  warlattons  In  the 
content  of  beech  leaves  grown  at  different  heights  from  ssa 
level,  but  since  they  were  grown  on  different  soil  types, 
under  varying  weather  conditions  and  were  collected  from  trees 
at  different  ages,  it  is  practically  Impossible  to  attribute 
the  variations  entirely  to  the  change  In  height  from  sea  level. 

Weber  (24),  and  later  Weber  and  Xberaayer  (25)  In- 
vestigated the  needles  of  the  fir  tree  (Pinus  albies)  at 
different  helghte  from  sea  level. 
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The  height  above  aoa  lersl  influeneos  the  eompoel- 
tion  of  tree  leaves  aeeording  tc  Dr.  Sberaayer  (26).  Rts 
results  iadlcate  a  deorease  in  total  ash  sontent,  as  «sll 
as  in  phosphoric  acid,  as  elsvaticn  increases*    He  concludes 
that  the  ash  of  pine  and  beesh  leaves  from  trees  in  the  low- 
lands is  five  tines  richer  in  phosphoric  acid  than  the  aah  in 
those  from  the  mountains,  and  therefore  the  removal  of  litter 
in  the  lowlands  is  more  hurtful  than  on  the  mountains. 

In  order  to  show  the  variations  in  the  leaves  of 
different  species  of  tree  grom  upon  the  sams  soil  and  as 
nearly  as  possible  under  the  sane  natural  conditions,  Henry 
(27)  analyzed  leaves  from  various  trees,  t^e  results  of  which 
are  given  in  the  following  table:- 


Percentatre  content  in  leaf  a.sJl 


Common  Hams 

potanical  Name 

OaO 

T 

SiO. 
i 

Mountain  ash 

Sorbue  tormintalis 

42.68 

7.01 

2.34 

Wild  aunle 

Malue  aeerba  

24.75 

53.39 

6.71 

2.31 

ps»el  nut 

Corvlus  avellana 

18.32 

62.77 

7.92 

5.79 

Hlsh  aim 

Ulmus  montana 

23.67 

29.31 

7.63 

19  .?i 

Umnim                 Acer  camoestre  

25.41 

30.89 

9.56 

11.07 

Beech 

gagas  svlvatiea  

21.83 

44.37 

7.83 

10.56 

Oak 

Quereus  Robur 

22.39 

47.04 

12.39 

5.2.^ 

Ash 

Fraxirmus  excelsior 

16.70 

39.45 

22.62 

2.63 

The  data  obtained  by  Orandeau  and  Fliohe  (28)  in  their 
investigations  upon  the  leaves  of  three  species  of  treee  grown 
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upon  th«  same  soil  and  takon  &t  different  stages  in  their 
deTelopmsnt  showed  the  sane  general  ebaraeteristies  with 
but  one  exception.    The  loares  »ere  collected  from  the 
locust  (Robinia  peeudaeacia  (Kugelakasie)) ,  the  bireh 
(Betula  alba)  and  the  chestnut  (Oastanie  rulg^ris).  In- 
stead of  showing  an  increase  in  eilicie  acid  as  darelop- 
fflsnt  proceeded,  the  leares  of  the  locust  tree  showed  a 
decrease.    As  to  the  exact  cause  of  this  exception  the  in- 
Testlgators  did  net  advance  any  explanation. 

Since  the  needles  of  the  piae  tree  renain  attached 
to  the  branches  for  a  period  of  ^9ars,  the  factor  of  age  my 
be  considered  as  having  an  influence  upon  the  iaor^utie  con- 
position.    It  is  doubtful,  hewever,  if  the  entire  change  in 
ooaposition  is  due  to  this  factor. 

The  researches  of  Schroder  (29)  and  Dulk  (30)  with 
needles  of  different  ages  fr««  the  Scotch  pine  (Plnus  sylrestris) 
showed  that  the  younger  portions  had  the  greateet  percentage  of 
potash  and  phosphoric  acid  and  the  smallest  percentage  of  lime 
and  silicic  acid. 

Orandeau  and  Flioha  (3l)  found  that  the  needlee  of 
the  black  pine  (Plnue  auatrlaca)  (Plnus  larlclo  austrlaea  Bndl) 
bad  the  sane  charactaristlcs  as  to  composition  as  did  those  of 
the  Scotch  fir.    The  remarkable  influence  of  the  soil  upon  the 
mineral  conatituents  can  be  noted  from  the  work  of  Grandeau  and 
niche.    The  trees  under  observation  grew  in  a  very  rich  lias 
soil  and  the  percentage  of  lime  in  the  needles  aas  nearly  twice 


that  obtatnsd  in  other  nasdlss  or  Isaves,  going  as  high  a* 
KjJ.  in  the  three  and  four  year  old  needles. 

B.  Corenioinder  (32)  in  his  expsriffisnts  vith  the 
leaves  of  Csrasus  Ijauroeerasus  (Prunus  L.)  found  nitrogenous 
natter  moat  abundant  in  young  leaves^  decreasing  in  amount 
as  the  leares  grew  older.    He  found  the  sanw  true  of  the 
phosphoric  acid  content  but  in  the  ease  of  the  ash  and  lins 
the  reTsrse  held  true. 

Bechi  (33),  Orandeau  and  Fliehe  (34)  obtained  re- 
sults upon  the  leaves  of  the  chestnut  tree  (Castanea  Tul^ris) 
which  do  not  show  anything  different  from  what  has  been  men- 
tioned in  previous  investigations* 

The  following  table  from  »olff  (35)  shows  not  only 
the  average  composition  of  ths  inor^nio  constituents  of  the 
leaves  of  ths  diffarent  trees,  but  also  ths  means  and  extremes 
of  composition  as  indicated  by  the  small  figures.    The  results 
are  from  the  analyses  of  the  ash  of  the  leaves. 
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K,0 

P,0, 

810, 

20.17 

29.12 

l».«-5«8 

8.36 

47«««18«a 

26.65 

<•                _  M««.«»,K»i.  7.69 

40.65 

IS. 1-1. a 

5.70 

5i.8-aa«« 

34.55 

Oak  l«ar«s  -  AiESifil  

33.14 

1 

26.09 

12.19  . 

4.41 

m              _  (load 

3.35 

48.63 

e.08 

30.95 

29.97 

23.65 

sft.»-9.a 

16.00 

«.8-«9 

3.36 

9e«8-19«l. 

21.64 

44.8-1S.5 

29.26 

87.9-ia.O 

18.03 

8.8-1.8 
2.69 

-        "        -       (1  year 

11.10  _ 

56.56 

I8.i-«»a 

11.47 

8.9-a.« 

3.37 

••           B           "         (2  " 

-) 

6.50 

59.65 

ii.«-a.7 

10,00 

«.9-l»9 

3.52 

•          "         •      (3-4  " 

-) 

s.o-o.o 

70.S-6S.* 

66.27 

lO.B-8.9 

8.57  _ 

e.8-8«a 
4.02 

22.75 

89.1-14*5 

26.44 

16.24 

aft.i-4*s 

16.79 

^ra^  needles  on  tree 

aa.a~9»5^ 
14.73 

**2n7^ 

?\M  ■ — — '  

Leaves  of  trees  in  general 

-  Bay 

as*e'-«&*s 

30.19 

8»*e-i8*« 

34.63 

ai.a-is.s 

18.43 

8.7-1.4 

2.11 

a      H          •  • 

-  SflDt 

i7.o*-e*« 

10.74 

7a.»*S9»A 

49.09 

7.86 

a.8~a.o 

2.37 

mm           m       n           «•    _  Qct.  7.12 

7S.-4*.l 

54.06 

1  S.«-l«9 

I  5.67 

4.7-1 .T 

2.80 
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Sehulse  and  Sehuts  (36)  investigaited  the  rariations 
of  the  eater ials  in  the  leavaB  of  a  box  elder  (Acer  Negundo  L.) 
from  the  spring  until  autuan,  and  also  endoaTored  to  show  the 
influence  of  day  light  in  causing  tariations.    The  leares  were 
collected  in  sonthly  periods  between  5  -  6:30  A.K.  and  6  -  6:30 
P.U.    The  constituents  determined  included  total  phosphoric  acid, 
potash  and  nitrogen* 

The  results  showed  a  marked  decrease  in  phosphoric 
acid  and  nitrogen,  and  a  Tery  slight  decrease  In  potash,  while 
the  lis*  content^  increased  the  older  the  leares  beeama.  The 
content  of  potash,  phosphoric  acid  and  nitrogen  was  higher  in 
the  erening  than  in  the  morning,  which  seeaed  to  indicate  a 
stronger  flow  of  mineral  matter  during  the  «»y. 


fiats 

Tins 

M. 

JlssJL  

A.M. 

1.500 

3.113 

4.304 

n 

P.M. 

1.697 

3.396 

,  June  6_ 

.801 

3.316 

• 

P.M. 

.646  ^ 

3.433 

3.983 

JulT  5 

.705 

2.t98 

4.Qg& 

N 

P.M. 

2.824 

4.141 

Aueust  Z   

A-M. 

.  .^89 

2.664 

3.745 

.640 

2.567 

?.7SI 

SsDtember  25 

A.M. 

.333 

2.696 

P.M. 

.374 

2.941 

♦  No  data  was  giren  for  lime  (CaO)  except  that  a  statement  was 
made  similar  to  one  abore. 
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In  1907  and  1908  Rlchtar  (37)  eMunined  the  learas 
of  dlfferant  fruit  traes  »hloh  wer»  of  tha  eauna  age,  had  ra- 
oeivad  the  sama  amount  of  maaura,  and  «ara  grown  upon  tha 
aana  soil  very  naau*  to  aaeh  other.    Tha  laayea  uaad  for  tha 
iavaatigation  ware:    Cherry  (Doktorkirache  and  Spanisha 
Oloakiracha);  Pear  (Hertriche  Ber^unolta,  Clairgeaua  Wintar- 
butterbirna,  and  Napoleons  ^intarbutterbima) ;  Apple  (Graf 
Nostilt*  and  Liaous  Pipping);  Plum  (Pruha  Tom  Buhlertal, 
Rainclanda  and  Italionischa  Zwatscha).    The  different  rarietiea 
of  the  same  species  showed  marked  Tariationa  in  the  nitrogen 
content,  tha  other  constituents,  howeyer,  varied  yary  little. 
Tha  leayes  of  tha  plum  Ureas  showed  a  greater  content  in  nitro- 
gen,   phosphoric  acid,  lima  and  potash  than  the  others.  Tha 
phosphoric  acid  content  In  the  four  fruit  traa  laayaa  ahowad 
tha  greateat  constancy. 

la  1908  tha  same  inyastigator  studied  the  variations 
thruout  the  dayelopment  of  the  leaves  of  tha  plum,  cherry, 
paar  and  apple  trees.    Nitrogen  showed  a  continual  decrease 
containing  at  the  end  one-fourth  to  ona-fifth  of  tha  original 
content.    The  amount  of  lime  increased  in  each  of  the  several 
species  of  fruit  trees.    Tha  potaah  content  decreaaad  gradually 
la  the  paar  and  apple,  reoftiaed  about  the  aama  In  tha  cherry, 
and  la  the  case  of  the  plum  it  mora  than  doubled  la  amouat. 
The  same  characteristic  increase  of  tha  potash  was  observed 
m  other  variaties  of  plum,  and  for  this  reason  Richter  con- 
sldarad  tha  autumn  laavas  of  this  tree  valuable  manure,  tha 
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potash  aaoantlng  to  nearly  6^  of  the  dry  nterlal. 

TbB  pheapfaorle  aeid  content  deereaeed  steadily  la 
all  species.    About  the  tiae  the  fruit  began  to  ripen  the 
nitrogen  end  phosphoric  acid  nanifested  a  very  rapid  decrwss, 
which  seensd  to  indicate  a  relation  between  the  nitrogen  and 
phosphoric  acid  content  and  the  developsent  of  fruit. 

In  an  endearor  to  show  that  thers  is  an  eeptying  of 
constituents  in  autuan  leayes,  Richter  used  the  leaTss  of  the 
sane  fruit  treee,  collecting  them  every  aonth,  the  last  collec- 
tion being  about  the  laet  of  October  Just  as  the  colored  leaTes 
wsrs  about  to  fall.    In  all  eases  ths  aitrogsn  and  phosphoric 
acid  decreased,  but  the  potash  and  lias  did  not  show  any  regu- 
larity, Increaeing  in  some  cases  and  dscreaslng  in  others.  He 
concluded  that  the  backflow  of  naterials  from  the  leares  sseoed 
to  be  Influenced  by  the  weather.    If  the  autumn  was  warm  there 
was  a  baekflow,  but  if  cold  there  was  not  time  for  a  backflow 

to  teUce  place. 

The  leares  of  fire  rarietiee  of  apple  trees  were  In- 
watlgated  by  F.  T.  Schutt  (38)  and  his  awerages  showed  a  emller 
content  of  nitrogen  and  phosphoric  acid  in  the  faU  as  compared 
with  the  spring,  whereas  the  total  ash  and  potash  showed  a 
slight  Insreass  in  amount. 

A  study  of  the  changes  in  the  mineral  matter  in  the 
withered  autumn  leaves  of  the  beech,  oak  and  ha.el  trees  was 
undertaken  by  Raumann  (39).    The  leaves  wers  analysed  when 
green  and  also  when  colored,  and  with  but  one  sxception  a  de- 
crease sa.  noted  la  the  percentage  content  of  potash,  phosphoric 
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aujid  and  nitrogen  in  the  colored  Isavea,  «hile  the  percentage 
content  of  lime  and  silicic  cu;id  Increased*    The  exception 
was  in  the  ease  of  potash  in  the  beech,  which  gave  a  higher 
content  in  tha  colored  leaf  than  In  the  green  leaf.    This  ex- 
ception, together  with  the  fact  that  the  potash  content  varied 
very  little,  may  be  due  to  tha  fact  that  the  trese  under  ex- 
ajBlnation  grew  in  a  rich  potash  soil,  and  hence  was  not  needed 
by  the  branches,  and  therefore  the  return  ««s  only  aoderat* 
or  not  at  all. 

A  Bore  detailed  investigation  was  carried  out  with 
leaves  taken  from  tha  following  treeet    Maple  (i««r  platanoidee 
L.)i  Birch  (Betula  alba  L.),  Oak  (Quereus  pedunculata  Shr), 
and  Wild  acacia  (Bobinla  pseudaoaela  L.)    As  in  previous  In- 
vestigation, nitrogen,  phosphoric  acid  and  potash  showed  a 
SMller  percentage  content  in  the  saature  leaves  as  compared 
with  the  green  leaves,  while  an  incrSase  was  observed  in  the 
lime  and  silicic  acid.    The  strongest  return  was  in  the  con- 
tent of  nitrogen,  and  as  there  also  occurred  a  strong  return 
of  sulphate  (SO^),  the  cause  of  this  phenomenon  aay  be  traced 
to  the  large  movement  of  albiusla  substance  from  the  dying 
leaves  to  the  stem  and  branches  of  the  tree.    An  early  frost 
eheoks  further  aotabolisB,  thus  preventing  the  return  of 
albumin  substance  and  resulting  In  a  great  loss  to  the  tree. 

Tollens  and  Tucker  (40)  found  a  rapid  change  dur- 
ing tha  coloring  of  the  leaves  of  the  beech  tree,  and  their 
results  were  aneilogous  to  those  of  Bamann. 

Schroder  (41)  from  hie  work  upon  froaen  beach  laavee 
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concluded  ttet  during  the  withering  potash  and  phosphoric 
aeld  returned  to  the  stat,  »hlle  the  protein  «atarial,  as 
indicated  by  the  nitrogen  and  sulphate  detarmlnatioiw,  re- 
aalned  In  the  leaf  and  was  thus  a  total  lose  to  the  tree% 
Ra»nn  (*3),  in  order  to  confirm  the  retention 
of  the  mineral  natter  with  the  froexlna  of  leares,  a»ly«e4 
birch  leaves  which  had  been  froaon  and  also  seas  which  imd 
not  been  affected  by  the  froat  fro«  the  aaaa  trse.  Ths 
froien  leaves  ted  turned  black  an<i  Lad  dried  up  and  both 
saaples  of  leaves  were  collected  the  next  day  after  the 
frost.    The  analysis  shows  clearly  the  variatlonss 
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As  h&s  been  brought  out  in  previous  work,  the  nitrogen 
and  sulphur  content  decreases  rapidly  with  the  regular  dying  of 
the  leaf  organs,  indicating  that  these  substances  return  to  ths 
tree.    The  results  showed  no  such  decrease. in  frozen  leaves  and 
Bamann  concluded  that  the  albumin  content  was  a  total  loss  ts 
the  tree  by  the  freezing  of  its  leaves. 

Pottsh  and  phosphoric  acid  showed  a  decrease  and  ll«» 
an  lncr«ise  In  the  frozen  leaves,  but  the  baciflow  did  not  amount 
to  a.  much  as  with  the  normal  death  of  the  leaves.  Another 
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significant  result  of  this  inTeatlgation  was  th»  indleatioa 
of  tha  spaod  of  the  nigration  of  the  mrioua  substances  fros 
the  leares  to  the  tree  and  Tlee  versa. 

Baaann  and  Bauer  (43)  In  their  investigations,  oon- 
oemlng  the  content  of  many  species  of  very  young  trees  thru- 
out  the  entire  period  of  vegetation,  arrived  at  the  following 
conclusions: 

(1)  The  leafing  out  of  the  leaves  of  the  trees  In 
spring  results,  in  the  case  of  foliage  trees,  at  the  expense 
of  the  reserved  material  in  the  plant;  with  evergreen  trees, 
however,  the  drain  upon  the  reserve  material  cannot  be 
sharply  detected  because  of  the  assimilation  of  material  froa 
the  soil  at  a  very  early  period  la  the  spring. 

(2)  During  the  loafing  out  a  considerable  amount 
of  plant  materials,  In  the  case  of  young  trees.  Is  dissolved 
and  used  up  for  the  production  of  the  young  shoots. 

(3)  Ths  fornfttloa  of  sucker  growths  make  similar 
demands  upon  the  reserved  plant  foods  as  do  the  spring  shoots. 

(4)  Ths  withdrairal  of  plant  food  material  fro»  ths 
soil  takes  place  at  different  times  according  to  the  species 
of  trse. 

(5)  The  Individual  food  nutrients  are  taken  up  at 
various  stages  In  the  growth  of  ths  trse. 

These  last  two  conclusions  are  ths  practical  reasons 
for  the  necessity  of  mixed  woodlands  in  order  to  maintain  soil 
efficiency  and  the  continued  success  of  a  rich  producing  forss 


RkOinn  (44),  in  a  vary  IntarestiBg  and  extrsnely 
accurate  series  of  lnYastigations,  ondearored  to  shonr  the 
variations  of  mineral  aatter  in  tree  leaves  during  the  aight 
and  the  day.    Such  variations  were  not  noticeable  e»eept  In 
the  eaae  of  the  lime,  which  showed  the  greater  content  at 
night.    It  is  frequently  assuned  that  the  percentage  of 
lime  increases  as  growth  proceeds;  hence,  the  line  content 
of  the  leaves  would  be  greater  at  night.    To  show  this  «a* 
not  the  true  cause  of  the  variations.  Raaann  proved  by 
analyses  that  the  day  content  of  leaves  taken  several  days 
later  was  lower  than  the  night  content  of  leaves  collected 
several  days  previous. 

The  investigator  considered  that  this  relation  was 
produced  in  connection  with  the  transport  of  the  assimilation 
products  which  is  stronger  in  the  day  due  to  the  formation  of 
organic  matter.    The  trees  under  consideration  were  the  beech, 
eak,  haiel,  platane,  and  maple  (Acer  dasycaspum). 

Otto  and  Kooper  (45)  worked  upon  the  variations  of 
nitrogen  compounds  in  the  leaves  of  deciduous  trees  during 
the  night  and  the  day.    As  nitrogen  was  an  indication  of 
albumin  material,  the  inveetigation  showed  that  the  decomposi- 
tion of  the  albumin  matter  «as  greater  at  night  than  the  new 
formation  of  albumin  natter.    The  leaves  were  taken  from  the 
same  tree  at  6  o'clock  at  night  and  at  6  o'clock  in  the  morning, 
and  in  the  Investigation  upon  Syringe  vulgaris,  Sambucus  nigra. 
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Phles  DruBondi,  Phi ladslpbus  oeroaariua,  and  aasealtt* 
hlppoeastamiB,  ttm  nltrogon  eontont  was  in  every  eas* 
higher  in  the  eTening  learea  than  those  eollaeted  in  th* 
■orning*    Otto  and  Kooper  oonoluded  that  there  lust  take 
place  a  transportation  of  nitregenoue  materica  in  tha 
night  to  other  portions  of  the  tree.    As  very  little  nitric 
aeid  «as  found  in  the  leaves,  the  investigators  assuMd  that 
the  increased  nitrogen  content  during  the  day  was  due  to  the 
taking  up  of  atmospheric  nitrogen  in  a  sinilar  Banner,  as  is 
carbon  dioxide.    They  found  that  the  nitrogen  content  de- 
creased gradually  and  continuously  thruout  the  growth  of  the 
leaves,  which  had  been  proved  for  Humulus  Lupulus  by  Fruwirth 
and  Zielstorff  (46).    Otto  and  Kooper  concluded  that  part  of 
the  nitrogen  compounds  were  transported  to  the  reserve  por- 
tions of  the  plant  and  part  to  aid  in  the  fonnation  of  fruit. 

Sniki  (47)  in  his  investigations  also  cane  to  the 
conclusion  ttat  the  proteids  fomed  during  the  day  were  deeom- 
possd  at  night  and  transported  to  other  sections  of  the  plant. 

Frank  and  Otto  (48)  also  found  In  the  green  leaves 
of  the  Lupinus  lutens,  Csmur  carvi,  Vitis  vinifora.  Cannabis 
sativa,  Brassica  oleraeea,  Lathyrus  sylvestric,  Medioago  sativa, 
Trifollua  pratense,  more  nitrogen  in  the  evening  than  on  the 
nest  Boming,  and  concluded  that  the  nitrogen  was  transported 
in  the  fom  of  asparagln  to  other  portions  of  the  plant,  and 
further  that  the  nitrogen  came  from  the  air. 

The  sources  of  nitrogen  in  the  leaves  of  trees  and 
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plant*  l*Te  lead  to  nany  iaTeatigatlons,  •specially  as  to 
vbsther  the  nitrogen  same  from  the  air  or  the  soil. 
Boussln^lt  (49)  In  all  his  experiments  condueted  during 
the  last  part  of  the  19th  century  rejected  the  riews  that 
trees  were  capable  of  assimilating  nitrogen  from  the  air. 
Ville  (50),  en  the  other  hand,  took  the  opposite  view. 
Frank  (51)  in  1885  arriTed  at  opposite  conclusions  from 
Boussingault,  but  his  experiaents  were  carried  out  with 

legumes.    Hellrlegil  (52)  in  1886.  working  with  both  legumes 
and  non-legumes,  prored  concluslrely  that  the  assimilation 

ef  atmospheric  nitrogen  was  only  possible  ^ith  legumes,  and 

then  only  If  they  llred  U  symbiosis  with  their  root  tubercle 

bacteria. 

Trank  and  Otto  (53),  from  their  Inreetlgatlon*  with 
trse  leaves,  contended  that  the  assimilation  of  atmospheric 
nitrogea  by  tree  leares  was  probable. 

PraxBowskl  (54),  Schloslng  and  Laurent  (55).  and 
Kossowltsch  (56)  came  to  similar  result,  as  H.llrlegel. 

Frank  (57),  as  a  result  of  further  Investigations, 
still  maintained  that  legumes  could  assimilate  free  nitrogen 
without  being  la  symbiesls  with  nodule  bacteria  and  also  that 
non-leguminous  plants  assimilated  free  nitrogen. 

Peten*n  .nd  Llebseher  (58).  Stocklasa  (59).  and 
Jameson  (60)  arrived  at  similar  conclusions  In  their  inve.tiga- 
tlons. 

Otto  and  Kooper  (61)  worked  with  non-legumlnous 
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plants  In  an  aadsaTor  to  asoartain  to  what  dagree  the  leaves 
of  higher  plants  were  capable  of  nitrogen  assimilation.  They 
sought  to  determine  whether  or  not  organic  nitrogenous  cobi- 
pounds  «an  be  foroed  from  the  free  nitrogen  of  the  air  together 
with  carbon  dioxide  and  water  with  the  assistanoo  of  light  and 
heat,  in  a  similar  aannor  to  the  trans forHfitl on  of  carbon  dioxide 
of  th»  air  to  organic  natter.    These  sans  investigators  (62) 
showed  that  there  was  a  transfer  of  nitrogenous  matarlal  during 
ths  night  fro«  the  laavae  to  the  branches.    Leaves  were  taken 
from  Aesoulus  hippocaatanum  in  the  morning,  a  portion  aialyzed 
for  nitrogen  content  and  another  portion  placed  in  distilled 
water  under  as  natural  conditions  as  possible.    At  night  these 
leaves  were  then  analyxed.    Their  results  show  a  very  slight 
decrease  In  the  percentage  of  nitrogen  in  the  evening  loaves 
and  they  concluded  that  an  assimilation  of  free  nitrogen  of 
the  air  by  the  leaves  was  very  improbable,  although  It  might  be 
possible.    Other  conclusions  were  that  the  nitrogen  content  was 
less  than  that  of  the  previous  year,  and  also  that  a  marked  de- 
crease took  place  as  vegetation  proceeds.    The  decrease  in  aitro- 
gen  in  the  evening  my  be  due  to  the  relative  carbohydrate  in- 
crease in  the  leaves  during  the  day,  which  would  naturally  nake 
the  percentage  of  nitrogen  content  lower. 

In  an  Interesting  piece  of  work  G.  Andri  (63)  co-pares 
the  phosphoric  acid,  potassium  and  nitrogen  content  in  the  early 
development  of  a  perennial  and  of  an  annual  plant  and  its  rela- 
tion to  the  content  of  the  seed.    In  the  case  of  an  annual  plant 
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(noarlat  runner)  Andre  (64)  showed  that  *bBn  the  plantul* 
attained  the  same  weight  (l8  days)  aa  the  seed,  the  loss  in 
dry  matter  of  the  eotyledons  rose  to  78^  and  the  losses  ia 
phosphoric  aeid,  potash  and  nitrogen  rose  raepectivoly  to 
87%,  81%  and  85%.    In  the  case  of  the  chestnut  the  facts  are 
of  the  «Ke  order,  the  loss  in  dry  matter  rose  to  73. T%  and 
the  losses  in  phosphoric  acid,  potash  and  nitrogen  rose  to 
81.2%,  72.6%  and  82.3%.    The  chestnut  plant  attained  the 
sauie  weight  as  that  of  the  seed  in  4  l/2  months.    From  these 
two  plants,  the  mineral  elesients  and  nitroganoue  compounds 
seem  to  contribute,  with  varying  velocities,  but  in  the  same 
proportions,  to  the  building  up  of  living  plants    There  Is  an 
increased  amount  of  phosphoric  acid  and  potash  in  the  roots 
of  the  walnut  tree  during  the  first  and  second  years,  and  in 
the  first  ysar  In  the  case  of  the  horse  chestnut  tree,  which 
fact  ssems  to  indicate  very  well  the  function  of  the  root  as 
a  reserve  organ. 

Andre's  (65)  investi^tion  of  the  different  forms 
of  nitrogen  in  the  chestnut  leaf  thruout  the  period  of  growth 
showed  conclusivsly  that  the  total  nitrogen  decreassd  as 
vsgetation  inoreassd,  that  the  soluble  amide  nitrogen  decreased 
rapidly  at  the  tims  of  the  fecundation  of  the  flowers  and  oon- 
tinued  to  migrate  from  the  leaves  until  the  period  of  fecunda- 
tion Is  over,  when  it  ag^in  accumulates  in  the  leaf.  Thruout 
the  period  of  growth  there  was  found  only  slight  traces  of 
nitric  nitrogen.    Since  there  Is  very  little  nitric  nitrogen 
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Aadra  believes  It  highly  probable  that  the  original  source 
of  nitrogen  eas  org^ie  in  nature »  «bieh  eas  rendered  avail- 
able by  the  nyeorhiza  eoverlng  the  roots. 

Upon  Invest  igniting  the  phosphoric  acid  (H3PO4)  and 
nitrogen  content  in  the  loaves  of  the  chestnut  tree,  Andre  (66) 
showed  that  a  noticeable  decrease  of  phosphoric  acid  took  place 
about  the  middle  of  July,  which  corresponded  to  the  period  of 
nitrogen  Bigration  towards  the  floral  organs.    The  eoluble  phos- 
phates were  abundant  in  the  young  leaves  but  decreased  noticeably 
from  July  15  to  August  17.    The  formation  of  lecithlnes  and 
XHiCleinos  required  solubls  phosphates  for  their  use,  and  as  the 
aaxlnuB  production  of  those  two  organic  phosphorus  compounds 
vas  reached  about  the  middle  of  July,  the  soluble  phosphates 
were  not  required  later,  and  coneequently  diminished  rapidly. 
The  contents  of  the  leaves  in  phosphatides  ws  highest  during 
florescsnoe  and  declined  durii«  yegetation. 

Andre  added  to  the  accumulative  data  tlat  the  content 
of  magnesium  oxids  (MgO)  and  lime  (CaO)  of  the  aeh  of  leave, 
of  the  chestnut  increase,  and  the  potash  and  phosphoric  acid 
decrease  with  the  advance  of  vegetation.    The  ash  content  of 
the  chestnut  leaves  exhibited  only  slight  variations  thmout 
the  period  of  growth  as  compared  to  the  leaves  of  annual  plants. 
Another  significant  variation  pointed  out  by  Andre  -as  the 
vsry  slight  wounts  of  silica  in  the  chestnut  leaves  in  the 
periods  of  growth  as  compared  to  other  perennial  and  annual 

plant  leaves. 

In  order  to  determine  definitely  whether  an  annual 
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plant  «hoM  activity  lastsd  only  a  short  tin*  eonsAnreH  all 
the  minsral  natter  which  it  took  up,  Andre  (67)  experimented 
with  the  eooBDon  pink.    Other  investigators  (68)  had  found 
tliat  the  plant  gave  off  a  part  of  ite  mineral  natter  at  eer- 
tain  periods  in  the  develofasent  of  the  plant.    Andre  found, 
en  the  contrary,  that  no  mineral  matter  left  tf»e  plant  thruout 
its  existence* 

In  two  later  papers  Andre  (69)  confirmed  his  past 
work  with  ths  pink  plant  and  enlarged  his  reeults  by  showing 
the  distribution  of  the  various  important  materials  at  differ- 
ent periods  of  growth.    A  table  of  Andre's  resulte  will  un- 
doubtedly illustrate  the  distribution  of  total  ash,  nitrogen, 
phosphoric  acid  and  potash  much  bettor  than  words. 
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4.74?,4 

August  9,  1910 

(Fruit  naarly  rip»)  545.16 

40.1782 

3.4690 

12.7567 

3.7070 

August  23,  1910 

SI  7nft 

.itiU  •Jr^  '  r 

Sum  13.  1910                        57. 8S 

Branehai 
14.1096 

1.1974 

4.9924 

1.6892 

(Fonwtion  of  floral  budo)  696. « 

90.6532 

11.5939 

41.0676 

(rior»BC«nce)  1787.20 

173.3504 

33.7780 

66.6625 

20.7315 

August  9,  1910 

(Fruit  nearly  rips)  2385.20 

170.3032 

19.5586 

60.3455 

21.2282 

August  23,  1910 

I coBPXsts  ■^turityi  At^itov 

39Q  BAA A 

14.1417 

81.0507 

26.5257 

June  13.  1910  287.55 

66.7524 

5.2676        1  19.3535 

14.9394 

Juns  »o,  irAU 

Irormtion  of  florml  buds)  791.25 

169.7263 

10.9983        j  39.7205 

29.6718 

July  13,  1910 

iFlorssosnos)  1134*64 

301.300 

22.6968        1  52.8835 

36.6553 

August  9,  1910 

(nruit  nsarlv  rips)  1367.28 

436.4357 

2^.1928        j  32.2678 

31.9943 

August  23,  1910 

ACoMPlsts  maturity)  1269.85 

1 

17.2699        i  17.5239 

28.5716 

Juns  13.  1910   

Erul.t-  PCS 


—■•'■-* 

JUBS  ZO,  I7IU 

.(Foraaition  of  floral  buds)  

July  13,  1910 

iFloreseancs)  343.88 

29.1954 

6.3273 

11.7263 

11*4512 

August  9,  1910 

(Fruit  nsarly  ripa)  1923.84 

153. 6M9 

46.1481 

38.4568 

61.3385 

August  23,  1910 

(CoHplsts  maturity)  2180.80 

193.0008 

52.9934 

45.5787 

65.8601 
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Ths  aigmtion  and  distribution  of  ash,  potash, 
phosphoric  acid  and  nitroRsn  in  the  pink  plant  thruout  lt» 
grosrth  nay  be  easily  observed  by  a  careful  study  of  the 
foregoing  table.    Andre  in  his  conclusion,  stated  that  there 
is  no  loss  of  mineral  aatter  or  nitrogen  during  the  growth 
•f  the  pink  plant.    The  total  ash  showed  a  regular  Increase 
in  all  the  rarious  organs  as  the  period  of  growth  increased. 
The  same  relation  held  in  the  case  of  the  dry  matter  with  one 
exception,  notably  in  the  last  oample  taken  of  the  leaves 
where  a  decrease  was  observed.    Andre  clainsd  this  loss  was 
due  to  a  large  extent  to  a  respiratory  loss.    From  the  reeults 
given  in  the  table  It  nay  be  seen  that  the  nitrogen  content  in 
the  roots  of  the  plant  increases  up  to  July  13  (period  of 
florescence)  when  it  diminishes  until  on  August  23  an  increase 
Is  observed  which  attained  the  maxiiaun  weight  at  that  date. 
It  probably  l»  true  ttot  the  decrease  during  the  period  fro« 
July  13  to  August  9  was  due  directly  to  some  of  the  naterial 
being  withdrawn  to  supply  the  floral  organs  which  showed  a 
very  large  Increase  during  this  sa»  period.    In  the  branches 
the  nitrogen  content  increases  thruout  the  period  of  vegeta- 
tion.   The  nitrogen  in  the  leaves  shows  an  Increase  until  July 
13,  after  which  it  gradually  diminisheo.    The  withdrawal  of 
nitrogen  from  the  leaves  during  this  period  is  undoubtedly  due 
to  that  element  going  towards  the  eupply  of  nitrogen  for  the 
fruit.    The  nitrogen  content  in  the  fruit  rapidly  increased 
while  the  fruit  is  naturlng. 

Ths  migration  of  phosphoric  acid  Is  more  regular 
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than  ttet  of  nltrogan  or  potaah.    Phoaphorle  acid  inereaaaa 
regularly  up  to  July  13  in  the  roote,  branehee  and  learea, 
after  which  date  there  Is  a  rapid  decrease.    The  phosphoric 
aeid  content  Increases  continuously  from  July  13  to  conplete 
maturity  of  the  fruit. 

In  the  case  of  the  potash,  the  trarlatlons  in  ths 
different  organs  of  the  plant  follow  rery  closely  those  of 
nitrogen. 

Another  general  mis  which  my  be  noted  from  ths 
tabls  is  the  fact  that  ths  younger  the  plant  ths  higher  Is 
the  percentage  amount  of  nitrogen,  potash  and  phosphoric 
acid. 

In  the  case  of  the  barley  plant,  Andre  (70)  found 
that  it  did  not  lOBS  m  the  course  of  Its  regetatlon  either 
nitrogen,  phosphoric  acid,  sulfur.  11ms  or  magnsslum,  but  sus- 
tained a  notloeabls  loss  of  sodium  and  potassium  between  ths 
period  of  florescence  and  nftturation. 

The  loss  of  alkalies  In  the  cereals  Is  a  generally 

accepted  fact* 

With  three  more  annual  plants,  e«»h  of  a  different 
species,  namely,  the  spurrey  (Spargula  anreusls).  the  flax^ 
(Linum  usitatissimu.)  and  camelin.  (Cameline  sativa),  Andr;(7l) 
found  ttet  no  loss  of  mineral  matter  or  total  nktrogen  took 
place* 

To  ascertain  the  relatlre  amount  of  mineral  matter 
and  nitrogen  fallen  leares  would  return  to  the  soil  by  ths 
action  of  water,  Andri  (72)  Imersed  leares  of  a  chestnut  tree 
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at  different  periods  of  grotrth  In  ««ter  for  a  month,  de- 
termining the  aaount  of  nitrogen,  phoephcrle  aeld  (HaPO^), 
sulphate  (SOg),  lime,  magnesluia  oxide  and  potash  before  and 
after  Imraersion.    The  table  below  shows  the  poroentago  of 
the  several  Ingredients  that  has  diffused  during  the  period 
of  a  montht- 


Total 

Cats  of  Collsstlon        N  f 

Dry  basis 


Jyna  2.  1912 


6.19 


,  347- 


H3PO4 

i 

64.64 


69.  $4- 


Total 
sulphur 
SO,  i 

56.60 


CaO 
i 


20.03 


50.72 


95.39 


89.10 


|ulY  29.  1912_. 


p«p-tf^h»r  25.  1912  6j1CL 


63.46. 


68.25 


67.93 


From  an  examin-rtlon  of  the  figures  potash  shews  the 
greatest  .xos.osls,  end  nitrogen  the  lowsst.    The  phosphoric 
acid,  sulphur  and  polash  eridently  exist  In  the  leayes  thruout 
their  growth  In  a  form  firly  soluble  in  water  which  practically 
becomes  available  soon  aftsr  the  death  of  the  leaTes.    Th.  nltro- 
gsn  and  llms  exist  probably  U  •  complex  organic  forn«tlon  whleh 
requires  the  breaking  down  of  the  structure  of  the  leaves  through 
the  agency  of  d.cay  before  the  material  ean  become  arallable. 

Ce«>aratlre  experiments  by  Tucker  and  ToUens  (73) 
with  leaves  of  th.  plan,  trse  ptotected  from  rain  and  other,  non- 
protected, showed  that  ram  ha.  little,  if  -ny.  washing  out  action 
on  the  food  uaterlals  of  the  leaves. 

Dr.  Josef  Selssl  (74).  in  a  v«ry  Interesting  «d  signifi- 
cant investigation  concerning  the  total  a«i  organic  phosphoric 
acid  content  in  the  leaves  of  horse  chestnut,  -•pl.  (i^cer  pseudo- 


-  88  - 


plantlnsas),  Qu»reu8  lobur,  Lilac  PhlladelphuB,  Polygoraua 
saotalBwns,  found;  first,  that  tho  total  pboaphorle  aoU 
«aa  hlgheat  at  the  beglnnlag  of  growth  and  thereafter 
•boved  a  grcuiual  deerease  thruout  the  Tagetatlro  period; 
second,  that  the  or^nle  phospfaorle  acid  In  the  learee 
reacbee  its  maxlnma  oonteat  at  a  tins  when  the  process  of 
assimilation  Is  at  Its  highest,  and  that  this  period  sesas 
to  coincide  with  the  tiiM  when  the  most  active  building  of 
green  coloring  nsatsrlal  is  going  on  In  the  plant  cells;  third, 
that  the  organic  phosphoric  acid  found  reachss  its  minitaua 
content  at  the  conclusion  of  asslBllntory  a«tica  which  coin- 
eidss  to  that  period  when  the  leaves  are  colored;  fourth,  that 
as  the  physiological  processes  are  intensified  in  the  leaf,  so 
does  the  organic  phosphoric  acid  respond  readily,  thus  increas- 
ing ths  supply  for  the  dsnand;  fifth,  that  the  demad  for  organic 
phosphoric  acid  results  in  a  greater  intake  of  inor^nlc  phos- 
phorus from  the  soil,  which  BJust  undergo  a  process  of  reduction 
In  ths  plant  for  the  formation  of  the  organic  phosphoric  acid. 

Seissel  (75)  in  another  Investlf^tlon  concerning  the 
content  of  leaves  during  different  vegetative  periods  sndeavored 
to  bring  out  ths  relation  of  nagnesium  oxide  to  calcium  oxide. 
Xn  all  cases  whsrs  grssn  plants  were  used  the  calcium  oxids  was 
■ueh  higher  than  that  of  magnesium  oxide,  while  In  plants  which 
were  not  green  ths  reveres  relation  was  evident. 

Dunnlngton  (76)  determined  the  various  inorganic 
mterlals  in  nearly  a  dosen  varieties  of  wseds,  the  complete 
analysis  of  which  may  be  found  In  the  reference. 
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In  «n  attempt  to  ascertain  the  uinurial  require- 
ments of  plants  by  their  analyses,  Ton  Beelhoret,  Behn 
and  Welas  (77)  found  that  the  eomposltlon  of  plants  mm 
greatly  affected  by  various  chMilcal  conditions,  and  there- 
fore concluded  that  this  method  eas  Impractical. 

In  connection  *lth  the  study  of  the  composition 
of  plants  and  their  various  parts  a  large  amount  of  Investiga- 
tional work  1»B  been  done  upon  Important  farm  crops  with 
various  object.  In  view.    As  ths  next  few  references  have  no 
direct  bearing  upon  this  present  Inveetlgatlon,  I  shall  cite 
only  the  Important  articles  as  worthy  of  study  to  those  Inter- 
ested In  thle  ptese  of  work.* 

y^*.^^.^,,^  on  the  09>»  ar.d  Value  of  T^v«s  as  a  Mapure. 

In  his  extensive  study  of  blueberry  culture,  Covllle 
(82)  made  aany  Interesting  and  practical  Investigations  of 
the  various  factors  affecting  blueberry  culture.    One  of  the 

♦       rorbes,  Whlttler  and  Colllson  (78)    tavlng  ""^^ 

tlon  the  relation  of  the  food  values  of  grasses  to  stock  raising, 

mde  a  stuJ7«f  the  mineral  nutrients  In  blue  grass  grown  In 

^^^Tve"r;n:rpr:;;eri;erturre^;ironment^^  innuences  upon 

the  Ami7.1  composition  of  .heat  along  'l^^^^li^-f^in  l^e  by 
breeding  for  variation  of  nitrogen  content  of  *h.at  -s  made  by 

R.  *.  Ttetcher  (79).  mrestlgated  by  Jones 

time  at  which  the  crop  would  be  f^^  P""""  -bject  In  view 

taming  data  concerning  the  amount  of  plant  food  removed  by  tn. 
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factors  «i8  the  source  of  the  soil  acidity  aad  the  fomatloa 
ef  leafBold.    An  Important  source  of  soil  acidity  le  decaying 
leares,  and  upon  recently  cleared  timber  lands  farmers  hare 
found  that  only  acid  tolerant  crops,  such  as  rye,  buckwheat  and 
potatoes  tbrlTe.  while  later  different  «rletlee  requiring  a 
more  alkaline  condition  grow  well.    Corille  ask.  the  question: 
-Wl»t  is  this  peculiarity  of  forest  Isares  by  which  they  m^ka 
the  soil  at  one  time  acid,  at  another  alkallneT-   Freshly  fallen 
leaves,  when  moist,  begin  to  decay  and  the  add  radical,  are 
leached  out  and  thus  produce  wU  acidity  and  when  a  certain 
degrw.  of  acidity  ha.  been  reached  decay  ceases.    If  the  soil 
is  strongly  alkaline,  the  adds  leached  are  neutralised  and 
decay  continues  until  the  soil  again  become,  acid.    In  »ny 
.trongly  alkaline  soil,  leaf  decay  take,  place  rery  quickly 
whll.  la  acid  soil,  may  yar.  are  required  before  the  leaf 
lltfr  i.  all  decomposed.    After  leaves  have  sufficiently 
decayed  the  leaf  mold  showman  alkaline  reactloa  which  I.  du.  ^ 
to  th.  large  amount  of  ll«  l«  the  c-posltloa  of  th.  leaves. 
Wh«i  this  stage  is  «ached  the  .oil  beco».s  alkalln.  and  «^ 
crops  Which  require  an  alkaline  soil  can  be  produced.  Th. 
Change  from  acidity  to  alkalinity  I.  oftea  hastened  by 
mlcroorganlsme  capable  of  developing  alkaline  substances, 
,^.es  from  various  .pccle.  of  tr.«requlre  different  length, 
.f  time  for  their  d.cay  to  reach  th.  alkaline  .tage.  a.  for 
e«mple  the  eUver  maple  leave,  r^^  an  alkalln.  etate  wlthla 
a  year,  while  »ay  year,  are  reqdred  for  pin.  n..dles  to 
attain  this  stag.. 
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Ousymrd  (83)  In  1863  undartook  a  seriss  of  •xperl- 
nents  Mong  the  farmer*  In  France  In  order  to  bring  about  a 
ooneerration  of  all  manurial  material.    In  his  InTestigatlona 
with  the  fertiliser  content  of  practically  all  forms  of  Tegeta- 
ticn  Queymard  showed  the  amount  of  valuable  material  which 
could  be  saTed  and  advised  all  agriculturists  to  use  It  as  a 
manre  for  their  vlwysu'ds  and  farms.    To  Increase  their  value 
such  substances  should  be  used  as  a  bedding  for  animals  and 
then  be  mixed  with  other  manures  and  plowed  la;  or  the  leaves 
may  be  mde  Into  an  ordinary  compost  allowing  It  to  decompose 
before  plowing  In.    Queymard  further  concluded  that  t»»y  were 
valuable  also  as  a  source  of  organic  matter  and  aided  In  l^rov- 
ing  the  physical  conditions  of  the  soil. 

The  researches  of  J.  Schroder  (84)  concerned  the  nitro- 
gen content  in  forest  trees  and  also  In  the  under  litter  of 
leaves.    The  nitrogen  and  ash  requirements  of  the  forest  tress, 
according  to  this  author,  were  supplied  by  the  leaves  which  fsll 
about  the  trees  and  hence  the  Importance  of  not  removing  the 
litter  In  the  forest  which  was  practiced  In  some  places. 

la  1861  tanerllng,  Loges  and  finels  (85),  working  to- 
gether upon  the  n»nurlal  value  of  freshly  fallen  tree  leaves, 
found  them  to  have  the  following  oos^oeltlon  and  value.  All 
results  are  figured  upon  a  IT.S^l  moisture  basis  and  the  manurlal 
units  are  obtained  by  multiplying  the  percent  of  nitrogen  by  5} 
percent  of  phosphoric  acid  by  2,  and  peresnt  of  potash  by  1, 
adding  the  rssults  and  multiplying  by  10  pfennigs  (2.5  cents). 
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The  Talue  as  Indicated  l»  recorded  on  the  baaia  of  1  »rk 
•quala  23*8  eanta* 


w   ft*  1 

Name  of  traa        >  11  j 
Ore?  poplar  1.52 

W  n  /. 

> 

.31 

4  V  r\ 
.92 

■  •W  • 

9.14 

per  110  lbs 
%  .218 

White  wlllo»  2.21 

.44 

1.25 

13.20 

.314 

Silver  poplar  1.65 

.33 

1.26 

10.20 

.242 

Carpln  betulue  1.00 

.16 

«31 

5.60 

.133 

Silver  birch  .67 

.067 

,270 

3.70 

.086 

|fael«  .64 

.14 

.80 

S.30 

.126 

Red  alder  2.47 

.15 

.22 

12.90 

.307 

9«)t  .93 

.13 

.42 

5.30 

.126 

Red  beech  «87 

.17 

.39 

5.10 

.121 

Andre  (86)  aoagbt  to  ascawUln  the  amounts  of  nitrogen, 
phoaphorle  add  and  potash  which  «9  returned  to  the  soil  from 
chestnut  leave,  and  »lth  what  rat.  th.se  subatanses  diffused  Into 
the  .oil.    Und.r  natural  conditions  tb.  leaves  fall  to  th. 
ground  la  the  autuam,  where  they  are  subject  to  wa.hing  by  rains 
and  the  action  of  Insects  and  Bloro-organlams,  thereby  making 
available  the  nitrogen  from  the  proteins,  the  phoaphorle  acid 
from  mineral  and  or^lc  phosphorus  compounds,  and  tk.  potash 
from  salts  of  organic  acids.    Analyses  were  nftde  upon  chestnut 
leaves  collected  In  the  autumn  and  also  upon  laaves  which  had 
wintered  on  the  ground  for  one  swison.    A  loss  In  the  Lav., 
collected  In  the  spring  was  found  amounting  te  7.5^  nitrogen. 
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67.4^  phosphorus  (ealoulatsd  as  H3PO4),  and  67.7  potasslua. 
Dsad  IsaTss  aftsr  vintoring  in  piles  on  ths  ground  contain 
about  twiea  as  aueh  nitrogsn  and  tba  sams  amount  of  pbosphorle 
aoid  (HgPO^)  as  a  good  farm  mnurs,  but  the  potassium  is  al- 
most aatirsl/  lacking.    The  fom  in  trhieh  the  nitrogsn  oeeurs 
in  the  dsad  leaves  is  not  so  readily  nitrified  as  that  whieh 
osours  in  a  good  f«rm  manure.    The  potassium  is  the  most 
diffusible  element,  praetieally  all  of  the  potassium  diffus- 
ing into  ths  sod  after  oas  winter*    The  phosphorus  diffuses 
Bueh  less  rapidly  than  the  potassium,  but  a  great  deal  mora 
than  the  nitrogen.    Thus  the  fertilising  materials  in  dead 
Isares  return  to  the  soil  at  a  very  unequal  rate  of  speed. 
The  nitrogen  evidently  exists  in  the  leaf  as  protein  vhl4h 
does  not  readily  bydrolyxe,  thereby  diffusing  into  the  soil 
at  a  ouoh  lover  rate  than  the  other  eubstaneee* 


-  34  - 


3«    fatxrlnental  Results  of  tha  InTestlgfrtlona. 

Collsetlcn  and  Preparation  of  Samples. 
The  leares  of  three  eosmon  New  England  trees,  - 
the  chestnut  (Castanea  Dentata),  the  su^r  mapls  (Aesr 
saecharum),  a»l  the  white  9»k  (Qusreus  alba)  -  jrare  g^thared 
in  the  fall,  slightly  prorioue  to  the  time  of  changing  color, 
from  the  highest  branches  of  the  tree  and  also  from  the  lowest 
branches.    Samples  vers  selected  from  the  abore  mentioned 
species  which  wers  growing  upon  three  rery  different  soil  types, 
namely,  Suffiel*  clay,  Holyoke  stony  loan  (lit.  Pleasant  near 
college  orchard),  and  ffethsrsfield  loam  (86)  (Sugar  Leaf).  In 
each  ease  leaves  ware  taken  only  from  trees  which  appeared 
healthy,  shosad  good  growth,  and  were  in  such  a  situation  as 
to  enable  the  Tarious  organs  to  can^  on  their  aornal  functions 
of  life.    Trees  of  about  the  same  age  and  height  as  nearly  as 
could  be  estimated  were  selected  for  this  investigation.  The 
leaves  were  picked  from  the  branches,  dried  in  the  air,  and 
tJ»n  in  a  hot  air  oven  at  a  temperature  of  about  70*  C,  after 
which  they  were  finely  ground,  mlMd  thoroughly,  and  stored  in 
sealed  bottles* 

Methods  of  Analvsla. 
The  phosphoric  acid  (PjOg)  was  determined  gravi- 
astrically  as  magnesium  pyrophosphate;  the  potash  (KjO)  was 
determined  gi^vimBtrieally  as  potassium  ehloroplatinats,  and 
the  nitrogan  content  of  the  leaves  was  detemined  by  the 
Kjeldahl  method  modified  to  include  the  nitrogen  of  nitrates. 
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Th«  ssTsral  methods  employsd  any  be  found  in  Bulletin  Mo^ 
107  (87)  (Rerised  1912),  Bureau  of  Chemistry,  United  States 
Department  of  Agri culture. 

Chfttaeteristies  of  the  Soil  Types  (88)« 

Suffield  clay  oonsists  of  from  four  to  eight  inobes  of 
heaTy  dark-drab  clay  loan  resting  on  a  heavy,  tenacious  gray- 
drab  olay,  vbioh  extends  to  a  depth  of  twenty,  and  in  some  in- 
stanoes  seventy-fiTe  feet.    It  is  an  unimportant  agricultural 
soil  of  ssiall  extent.    It  Is  of  deep  lake  origin,  and  while 
appearing  vary  heavy  and  tenacious,  it  is  largely  eomposad  of 
silt,  probably  of  the  finer  grades.    The  type  is  sold  and  «et 
and  is  difficult  to  cultivate*    The  subsoil  is  vary  resistent 
to  the  development  of  plant  roots,  and  all  crops  saike  iceager 
growth.    It  is  best  utilised  in  the  production  of  grass.  The 
area  upon  which  the  tree*  under  investiiation  grew  occurred 
about  a  mile  west  of  Amherst* 

The  soil  of  the  Holyoke  stony  loam  Is  a  dark  yellow 
or  brown  silty  loam,  from  seven  to  twelve  inches  deep.  The 
subsoil  ranges  from  a  moderately  heavy  yellow  8acd>  loam  to 
a  heavy  loam,  with  the  sandier  phase  more  abundamto    The  type 
is  very  stony  thruout  and  contains  pebbles  and  bowlders  of 
angular  ehape.    The  soil  in  general  ie  of  moderate  fertility. 
Oraia  and  graes  crops  give  good  returns,  and  it  is  also 
suitable  for  graiing.    This  soil  Is  very  well  adapted  to  the 
growth  of  applee,  grapes  and  other  fruits.    The  trees  under 
observation  grow  on  an  area  of  this  soil  Just  west  of  the 
Uassaehusetts  Agricultural  College  orchard. 
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The  ^«thsrsfield  loan  (foraarly  eallsd  Triassie 
■tony  loeus)  la  a  reddish  to  red  brown  silty  loan,  with  a 
depth  of  fourteen  inches,  resting  on  a  medium  heavy  sandy 
loam  of  reddish  color  three  fast  in  depth.    The  notorial 
ranges  froES  a  sandy  loaa  to  a  heery  silty  loam  vhioh  has  a 
darker  red  eolor*    Both  soil  and  subsoil  contain  large 
nurobers  of  angular  bowlders  of  all  sizes  up  to  several  feet 
in  dianster,  and  the  greater  portion  of  these  consist  of  ths 
red  and  broen  sandstone  of  the  Trias^ic  period*    The  pre- 
vailing red  color  is  due  to  the  presence  of  compounds  of  iron* 
This  soil  is  best  adapted  to  the  gros^h  of  grains  and  soall  fruits, 
and  is  also  well  adapted  to  pasture  lands.    The  trees  under  ob- 
servation grew  on  am  area  on  tba  east  sids  of  Ht.  Sugar  Loaf* 
Variations  in  Spring  and  Fall  Leaves. 


Species  of 
leaves 

Date  of 
collection 

Par  cent 
Nitrogen 
(Dry  basis) 

Per  sent 
(Dry  basis) 

Per  csnt 
(Dry  basis) 

RsBBrks 

Maole 

9-30-13 

2.126 

1.031 

Bottom  portion  of  tree 

M 

•t 

2.110 

1.123 

1.193 

Top 

H 

N  « 

W 

5-22-14 

3.201 

.9303 

1.614 

Bottom 

If 

«  • 

■ 

• 

3.463 

1.079 

1,834 

Top 

If 

m  n 

Chestnut 

9-24-13 

2.438 

« 

m  m 

M 

6-1-14 

3.959 

1.024 

1,450 

tt 

«  « 

W 

9-24-13 

2.106 

.9426 

1,017 

Top 

« 

•  « 

a 

6-1-14 

2.660 

.9530 

1.747 

M 

• 

•f  • 

Oak 

9-26-13 

2,475 

.9634 

1.007 

Bottom 

n 

n  • 

« 

6-5-14 

3.175 

1.048 

1.581 

• 

« 

•  n 

9-26-13 

3.453 

1.091 

.9687 

Top 

m 

■  « 

n 

6-5-14 

3.460 

.9399 

1.519 

ft 

n 

If  tf 
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fiummrv  of  "fttblw  I . 

Th0  nitrogen  oontant  of  Xha  leaTss  removed  in  the 
spring  froa  the  ehestaut,  oak,  and  mple  ehom  a  marked  In- 
ereaee  OTer  the  results  obtained  from  the  leaTes  remored  from 
the  same  trees  the  preceding  fall.    The  higher  amount  in  the 
spring  leaTes  occurs  in  both  portions  of  the  tree,  although 
tlM  leaTes  taken  from  the  upper  part  of  the  tree  show  a  greater 
increase.    Since  the  leaTes  at  the  top  of  the  tree  are  subjset 
to  a  greater  loss  of  eater  by  STaporation  and  are  attached  to 
a  younger  growth  of  wood  than  the  leaTss  at  the  bottom  of  the 
trss,  undoubtedly  the  demands  upon  the  tree  sap  are  much  greater 
at  the  top,  thereby  resulting  in  the  migration  of  a  greater 
supply  of  mineral  matter  from  the  soil  to  the  higher  portions 
ef  the  tree.    The  leares  of  the  maple  shew  the  greatest  Taria- 
tiens,  while  the  efaestnut  leaTes  show  the  least  increase  la 
the  spring  leaTes  as  compared  with  those  of  the  fall. 

The  potash  content  ehews  the  same  oharaeteristie  varia- 
tioas  as  that  of  nitrogen,  with  the  exception  that  the  oak  leaTes 
•hew  the  least  increase  in  the  spring. 

The  phosphoric  acid  content  does  not  show  tlw  same 
Tarlatloas  as  ttet  of  nitrogen  and  potash,  but  seems  to  Tary  with 
the  species  of  tree  and  also  the  section  of  the  trsc  from  which 
ths  leaTes  «sre  obtained.    The  leaTes  remoTed  from  the  loiple, 
the  lower  portion  of  the  chestnut  and  the  top  portion  of  the  oak 
haTe  an  increased  phoephoric  acid  content  in  the  fall  learee 
OTer  those  collected  In  the  spring.    The  greater  percentage  con* 
teat  la  the  epriag  leaTes  collected  from  the  top  portion  of  the 
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ehastnut  and  the  lower  portion  »f  the  oak  is  so  small  that 
undoubtedly  the  spring  leares  efaov  a  lover  aaouat  of 
phosphoric  aeid  than  the  leares  of  the  preceding  fall. 
The  variations,  howsTer,  are  rery  snail  in  all  oases  and 
the  demands  of  the  seeds  and  f lovers  of  those  trees  for 
phosphoric  aeid  probably  eausee,  to  a  very  great  extent, 
these  differences* 

These  results  also  indicate  that  a  loss  of  sineral 
■atter  oeeurs  with  the  advance  of  the  seaaon,  regardless  of 
the  age  of  the  tree* 

Variations  as  Affaeted  bv  Different  Soil  Ttpos. 

In  view  of  the  fact  that  various  types  of  soil  have 
an  influence  upon  the  eeapositioa  of  plants,  leaves  were  re- 
■oved  from  trees  growing  upon  three  typical  Conneetieut  Valley 
•oils  already  described.    In  Ttible  II  are  the  results  of  the 
analyses  of  the  leaves  of  the  nftple,  chestnut,  and  oak  grown 
upon  these  three  soil  types* 
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Sp«el*s  of 
IsaTVS 

oOl  X  «/pv 

Par  esnt 
(Dry  basis) 

Per  csnt 
(Dry  basis) 

Per  sent 

KjO 

(Dry  basis) 

Reaarks 

j 

Mapla 

Suffield  elay 

1.379 

.4946 

.6555 

Bottom  portion 

of  trs« 

m  n 

1.446 

.6305 

.8837 

Top 

•  m 

« 

Holvoks  stony  Iocbb 

2.126 

1.031 

1.014 

BottffiB 

m  m 

H 

«         ti  « 

2.^0 

1.193 

Fop 

m 

m  m 

«f 

Wsthersflald  loam  

l.?07 



.7249 

m  m 

It 

It  m 

1.420 

1.056 

1.007 

Top 

m  m 

Chestnut 

Suffisld  elay 

1.954 

.6992 

1.469 

Bottov 

m  m 

« 

It  ti 

1.930 

.6852 

1.221 

Top 

m 

m  m 

M 

Holvoks  stonv  loam 

.9917 

m 

•  ■ 

It 

«  mm 

2.106 

.9428 

1.017 

Top 

m 

■  It 

It 

Wsthsrsfield  loan 

2.798 

1.233 

1.460 

Bottoa 

m 

It  n 

• 

•1  m 

2.991 

1.405 

1.343 

Top  , . . 

m 

■  It 

Oak 

Suffisld  elay 

2.079 

.5188 

1.022 

BottoB 

m 

m  m 

It 

m  m 

2.097 

.6479 

1.325 

Top 

m 

m  m 

■ 

Holyoks  stony  loaa 

2.475 

.9634 

1.007 

BottOB 

m 

n  m 

ti 

W                    It  It 

2.453 

1.091 

.9687 

Top 

m 

m  m 

n 

Wsthersflald  loaa 

2.044 

.7295 

1.162 

Bottom 

m 

m  m 

N 

2.255 

.9369 

1.280 

Top 

m 

m  m 

From  the  aboye  table  It  la  evident  that  the  highest  eon- 
tent  of  nitrogen,  phosphoric  acid  and  potash  in  the  ease  of  the 
maple  leaves  oeeur  in  thoss  eolleeted  froa  treee  growing  upon  the 

Holyoke  stony  loaa. 

The  same  is  true  of  the  oak  leaves  except  that  ths 
potash  content  was  highest  in  the  leaves  taken  froa  trees  grown 


J 
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upon  Vetharsf iald  lean. 

The  leaves  of  the  chestnut  show  their  highest 
■■ottBt  in  those  remoTed  from  trees  growing  upon  Wsthers- 
field  loam. 

The  lovest  aaouats  of  nitrogen  and  phosphoric  aeid 
eeeur  ia  the  leares  of  all  three  trees  grown  upon  the  Suf field 
olay.    The  potash  content  was  lowest  in  the  ease  of  the  mple 
leaves  froa  ths  Wethersfield  locus  and  with  the  chestnut  and 
oak  froa  trees  grown  upon  Holyoke  stony  loaa.    A  sumnary  of 
ths  highest  and  lowest  contents  of  these  eleafents  nay  be  brought 
out  clearer  by  a  table.    The  legend  as  used  by  the  United 
States  Department  of  Agriculture,  Bureau  of  Soils,  will  represent 
the  soil  types,  ewd  they  are  as  follows:    Suffield  clay,  Sc} 
Holyoke  stony  loan,  Hs,  and  Wethersfield  loam,  Ts. 

Variation  in  Hitroeen.  Phoephoric  Add  and  Potash 
ffontant  with  the  Soil  Type. 

III- 


Species  of 
leaves 

Highest 
am*t  of 
Hitrogen 

Lowest 
am't  of 
Nitrogen 

Highest 
am't  of 

Lowest 
aa't  of 

j 

1  Highest 
am't  of 

Lowest 
am't  of 
K,0 

Chestnut 

Ms 

So 

Ts 

Se 

1  Ts 

Hs 

Oak 

Ts 

Se 

Hs 

8e 

Ts 

Hs 

Hs 

8e 

Hs 

Se 

fis 

Ts 

Variations  in  the  Composition  of  the  Leaves  ^fcen  from  the 
Opper  and  Lower  Branches  of  the  Maple.  Cbeetnut  and  Oak  Trees. 

For  the  purpose  of  determining  the  effect  of  the 
relative  distances  of  the  leaves  from  the  soil  on  their  com- 
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position,  leavss  ••r*  ranoTsd  froa  the  upper  and  lower 
bMnehes  of  the  trees. 

The  highest  content  of  nitrogen,  phosphoric  acid 
and  potash  in  the  respective  leares  will  be  inserted  under 
the  appropriate  heading  with  the  legend  of  the  soil  type 
upon  which  ths  trees  grew.    Por  example,  the  highest  content 
of  nitrogen  in  the  leaTes  removed  from  the  maple  tree  grow- 
ing upon  Suffield  clay  occurred  in  those  leaves  taken  from 
the  vpper  branches.    Ill  results  are  upon  leaves  collected 
in  the  fall  of  the  year. 


Species  of 
leaves 

Highest  content 
in  the  leaves 

of  Nitrogen 
taken  from 

Highest  eonts 
in  leaves  t< 

rrt  of  PjOg 
sken  from 

Highest  content  of  K^O 
in  leavee  taken  from 

Upper  branches 

Lower  branches 

Upper 

lOTer 

Upper 

Lower 

Ifaole 

Se 

Sc 

Se 

■ 

Pp 

Hs 

Hs 

ft 

T» 

T* 

 1 

Chestnut 

Se 

Sc 

Se 

« 

P» 

Hs 

m 

Ts 

Tff 

Ts 

So 

Se 

Se 

m 

Hs 

Hs 

H. 

T« 

Ts 

T« 

rv  of  T^ble  lY. 
The  highest  content  of  nitrogen,  phosphoric  acid  and 
potash  occurs  in  the  leaves  taken  from  the  upper  branches  of  the 
maple  tree  grown  upon  all  three  soil  typee,  with  one  exception. 
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The  highest  content  of  nitrogen  in  the  goaple  leares  from  the 
Holyoke  stoay  1©««  occurs  la  those  samples  rsmoved  froa  the 
lossr  branehsst 

Ths  Isavas  taksn  from  the  ehestmit  trsa  grown  upon 
Suf field  elay  sho*  their  highest  content  of  nitrogen,  phos- 
phoric acid  and  potash  la  the  leaves  reraoired  from  the  lower 
branches.    Ths  nitrogen  and  phosphoric  acid  is  highsst  la  ths 
Isaves  from  ths  lo»sr  braaohss,  while  potash  is  the  hlghent  la 
the  upper  laaras  oa  the  ehsstnut  tres  grown  upon  Holyoke  stoay 
loan.    The  leaves  removed  from  ths  upper  branohss  of  the  ehestaat 
tree  grown  upon  the  TTethersf leld  loam  exhibit  ths  highest  ooa- 
tent  of  nitrogen  and  phosphoric  acid,  while  potash  is  highest 
In  ths  lower  leaves  of  the  same  trss. 

Ths  upper  leaves  In  the  cass  of  ths  oak  show  ths 
highest  contsnt  of  nitrogen,  phosphoric  acid  and  potash  In 
thoss  Isavss  removsd  from  trees  grown  upon  8uf field  elay  and 
Wethersfleld  loam.    The  nitrogen  and  potash  are  highest  In  the 
leaves  removed  from  ths  lower  branchss  of  ths  oak  tree  growing 
ttpoa  the  Holyoke  stony  loam,  while  the  phosphoric  acid  shows 
ths  highsst  content  In  the  upper  leaves  of  the  same  trss. 

The  highest  content  of  nitrogen,  phosphoric  acid  and 
potash  occurs  In  ths  majority  of  casss  In  the  leaves  rsmoved 
from  the  upper  branchee  of  the  tree.    The  exceptions  may  be  due 
to  rainfall,  eunllght,  temperature,  flow  of  sap  In  trse,  and 
physiological  functions  going  on  within  ths  Isavss  at  this 
tlms  of  ths  ysar  whsn  ths  fruit  and  seeds  are  mturlng  which 
results  In  a  drain  upon  ths  constituents  of  ths  Isaf . 
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y^r^ationa  ifi  t.ha  CoiBPoalllTr       I»1ff*Tf  T^moired  from  thff  QpPflC 
Pf,^  ][.««ar  pranctop  "f  the  Swrw  Tmew  Ip  thp  f^^XX  ^SA 
ffr-inp;       the  Year. 
In  Tie*  of  tha  fact  that  tho  tlna  of  the  yaar  my 
have  an  influence  upon  the  composition  of  the  laevea  ramored 
from  the  upper  and  lov^ar  branchaa  of  trees,  analyses  irere 
undertaken  to  show  such  variations  as  my  occur.    In  Table  V 
the  highest  content  of  nitrogen,  phosphoric  acid  and  potash 
are  Indicated  by  inserting  ths  soli  legend  (in  this  case  Hs) 
in  the  proper  column. 


Species  of     Highest  content  of  | 
leaves          Nitrogen  In  ths 

in<Lva9  taken  frca 

Highest  content  of  j 
Phosphoric  acid  in  j 
iA»ves  ta_ken  frosL 

Highest  content  of 
Potash  In  the 
Reaves  taken  from  

The  upper 
branches 

The  lo-ser 
branches 

The  upper 
branches 

The  lower 
branches 

The  upper 
branches 

rne  lOTsr 
branches 

.R<»  .... 

Hs 

Hs 

mip  i^ii^.  

•     (torlne)  Hs_  

Hs 

Ha  , 

Ha 

n^Astnut  (Fall)   

Hs   

Hs        ,  ^ 

Hs 

* 

Ha 

oak  (rail) 
*    (Spring)  H2  

Hs 

 . — J 

Ha 

♦  Ths  Increased  content  of  nitrogen  In  the  lower  leaves 
of  the  oak  and  «apl.  collect*!  In  the  fWl  over  the  content 
m  the  upper  Isevss  Is  so  small  that  ths  results  -ay  Changs 
a.  the  «.rlous  factors  snter  Into  the  processes  of  ths  leaf. 

The  wpls  laaws  collected  from  the  same  trss  In 
the  fall  and  eprlng  shoe  their  hlgbeet  content  of  nitrogen. 
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phosphoric  Mid  and  potash  «han  taksn  from  tbs  uppar  branches, 
•ith  one  exception,  which  is  so  8»11  that  it  »y  be  considered 
as  due  to  sooe  error  in  collecting  or  preparing  that  particular 
saaple. 

The  leaTes  of  the  lower  branches  of  the  chestnut  tree 
show  the  highest  content  of  nitrogen  and  phoephorle  acid  in  both 
fall  and  spring,  while  the  potash  le  highest  in  the  leates  re- 
nored  from  tba  upper  branches. 

The  lower  leaves  of  tha  oak  are  highest  in  potash  in 
both  f*ll  and  spring,  while  phosphoric  «cld  Is  highest  in  the 
upper  leares  for  both  soasona  of  the  year.    In  the  case  of 
nitrogen  the  fall  leawes  taken  from  the  lower  branches  of  the 
oak  are  highest  In  this  constituent,  while  In  the  spring  the 
leaves  from  the  upper  branches  exhibit  the  highest  amount  of 
nitrogen. 

These  variation*  in  the  compealtlon  of  the  leave* 
from  the  upper  and  lower  branchee,  especially  in  the  case  of 
the  spring  and  fall  leaves,  mj  be  due  to  a  large  extent  to 
the  relative  amount  of  sap  flowing  frwm  the  roots  to  the  other 
org^s  of  the  tree  and  aleo  th.  return  of  aatter  from  tha 
assimilative  organs  to  the  branches,  trunk  and  roots  of  the 
tree.    0.  M.  Bhedd  (90)  In  an  investlgjitlon  upon  the  mineral 
composition  of  sap  In  the  sugar  »ple  found  that  the  composi- 
tion of  the  sap  varied  considerably  when  collected  at  the  same 
point  on  the  tree  during  two  «.cceaslve  years  Just  after  the 

•ap  flow  had  coBDeneed* 

In  vle>  of  this  fact,  the  variations  which  are  noted 
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In  Tabl.8  IV  and  T  .ay  be  Influewed  to  a  large  ertent  by 
the  ui»ard  «tp  flow  In  the  spring  and  to  a  baekflo-  of  eap 
m  the  ftill  of  the  year.    Another  factor  «hlch  may  Influence 
thla  variable  composition  I.  the  d.«and  of  the  fruit  and  seeds 
for  these  constituents  for  their  proper  dcTelopment. 

As  the  function  of  tree  leares  Is  prlaarlly  the 
slaboratlon  of  crude  Inorfftnlc  materials  taken  from  the  air 
and  soil  Into  the  rarlous  compounds  for  the  nutrition  and 
*,pport  of  the  tree  and  Its  dlff«rent  orgf»ns,  it  is  natural 
that  these  specific  organs  v/ould  contain  much  of  the  chief 
plant  food  materials.    Their  use  as  a  source  of  organic  »tter 
and  as  plant  food        long  been  recognised,  and  In  the  early 
ftgrloultuml  history  of  lurops  l-^as  and  other  forms  of  Utter 
«r.  used  to  a  large  extent  for  their  fertiliser  ralus.  Am 
^rl7  practice  in  lurop.  -as  the  complete  raking  of  all  .ood- 
lands  for  the  fallen  learee  .hlch  «ere  used  on  the  f^rms  as  a 
«.„ure.    The  practice  became  so  extenslr.  ttet  the  forester, 
in  nany  of  the  large  forests  In  Germany  and  Austria  forbad, 
the  raking  of  their  woodlands,  because  of  the  loss  of  this  talu- 
able  atonal  as  a  f.rtlll»er  for  the  tree,  grown  upon  tb.  land. 
The  foresters  assigned  the  decreasing  rat.  of  growth  of  th. 
forests  to  this  constant  raking  by  the  farwrs, 

some  fifty  3*ars  ago.  here  in  Mew  England  -ny  farmers 
gathered  all  the  callable  leares  and  used  the.  a.  bedding  for 
their  anl*ls  and  as  an  absorbsnt  In  bams,  aftsr  which  thsy 
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«9r9  <toapostsd  and  thsn  spread  upon  the  farm*    On  nany  of  the 
faras  in  the  Conne-ctisut  Valley  the  saae  practice  ia  etill  in 
use.    Many  of  the  leaves  about  the  college  grounds  are 
gathered  in  the  fall,  used  as  beddlnR  for  hcrees,  eoffipoeted 
with  other  nianuree  for  a  period  of  two  years  or  so,  and  then 
applied  to  the  soils  in  the  greenhouses. 

As  the  cost  of  labor  for  collecting  and  handling  the 
leaves  would  be  large,  ix  would  be  inadvisable  for  the  farmer 
to  spend  his  tins  in  this  way.    As  an  aid  in  proaotlng  the 
groffth  of  trees  in  woodlande,  the  leaves  have  a  distinct  value 
and  should  be  allowed  to  rent* in  where  they  fall. 

The  value  of  leaves  as  a  source  of  organic  natter  can 
tardly  be  eatiiaated  by  any  cash  value.    The  hunois  added  to  the 
soil  in  this  way  undoubtedly  aaounte  to  a  great  deal,  and  aids 
ia  the  isproveaent  of  the  physical  condition  of  the  soil;  I.e., 
laproves  texture,  aeration,  water  holding  capacity,  and  capillarity. 
This  organic  natter  in  all  probability  serves  as  favorable  food 
for  the  various  nicro-organisms  in  the  soil,  end  as  such  should 
be  considered  as  a  veluable  asset.    It  is  probable,  however,  that 
the  u«»al  cost  of  collection  and  preparation  would  exceed  their 
physical  and  chemical  value. 

There  is  one  dieadvantage  in  the  use  of  freshly  fallen 
leaves  upon  the  soil,  and  that  is  the  production  of  acid.  Crops 
which  are  acid  tolerant  will  not  be  injured  by  thie  condition. 
On  the  other  hand,  crops  which  require  an  alkaline  or  neutral 
•oil  will  be  adverssly  affscted  if  a  heavy  application  of  freehly 
fallen  leaves  has  been    incorporated  into  the  soil.    All  favor- 
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abl«  Bilsro-organlsm  aetion  In  the  soil  eeasa*  upon  •oils  »lth 
an  axeass  of  aeid,  and  unlaea  plenty  of  lime  tea  been  added 
to  produce  an  alkaline  condition,  Bmonifl cation  and  nitrification 
does  not  take  place.    As  an  example  of  the  acidity  of  freshly 
fallen  leares,  the  following  table  will  aho«  the  anount  In 
tone  of  ground  llwatone  required  per  acre  to  neutrallxe  a 
eoBpaet  layer  of  leaTea  six  inehaa  In  depth  aeti«atad  to  weigh 
when  dry  500,000  pounds* 

h7\m^  «f  freahlv  fa^an  leaTBW  In  twrw  fff  raqtf^riWJt 

jffr  ^PJpa.' 

«n».»e»  of  leavca  ^MM.  ^.,pi.s  ,f  l^y,S.  tSi^ 

White  oak  SS   9^f^r  pap^y   -22. 

Red  oak   —-16  iHll^-traS  


Silver  aaple. 


22  Virginia  pinS  


In  other  words,  it  rsquiraa  25  tons  of  ground  llw- 
•tone  to  neutrallxe  250  tons  of  freshly  fallen  learea  of  the 
white  oak  tree.    In  view  of  thla  fact,  it  is  adrlsabla  to 
accuBwlate  the  wricua  leayea  and  compost  the  entire  c»ss  of 
organic  matter.    The  leases  are  allowid  to  decompose  for  tarlous 
periods  of  tlms,  and  when  they  have  reached  the  alkaline  stage 
they  may  be  used  In  hot-bads,  greenhouses,  or  on  the  field. 
During  the  decomposition  there  Is  undoubtedly  some  of  the  fer- 
tili.ing  material  lost  by  Tolati«tion  and  leaching.    This  slight 
lass  I.  offset  to  some  extant  by  the  farorabl.  alkaline  condition 


I  Tiible  taken  from  Bulletin  No.  6.  0.8.  Dept.  Agriculture. 
Bureau  of  Plant  Industry,  by  F.  T.  CoTilla. 
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of  the  leaTes  and  also  by  tha  large  anount  of  alkali 
■Atter  added  to  the  soil. 

The  neairlal  mlue  aa  estlnated  in  thle  Inrsatlg^* 
tien  will  be  ooB»*»«it  higher  than  In  the  eaae  of  fallen 
learee,  because  they  were  picked  fro«  the  branches  on  the 
different  treee  shortly  before  the  coloring  and  before  the 
complete  return  to  the  trunk  of  the  tree  of  a  certain  anount 
of  the  mineral  afttter.    The  nanurlal  unite  were  obtained  by 
BultlplylBg  the  percent  of  H  by  2.5;  the  percent  potash  by 
Ij  the  percent  phosphoric  acid  by  1;  then  adding  the  re<!ults. 
Tie  ooanerclal  value*  estlnated  upon  raw  material  like  leares 
•as  10  cents  per  pound  for  nitrogen,  4  cents  per  pound  fer 
potash,  and  4  cents  per  pound  for  phosphoric  acid  .  Tfts 
▼mlue  per  ton  of  leares  was  thsn  obtained  by  multiplying 
the  B»nurlal  units  by  4Mnt9  and  that  result  by  20,  In 
crdsr  to  draw  a  comparison,  the  analytical  results  follow- 
ing hare  all  been  neduced  to  the  dry  basis.    The  results 
are  expressed  upon  leases  in  dry  condition  and  also  oa  thoss 
with  a  20^1  moisture  content. 


1         The  commercial  ralues  .ere  figured  upon  materials  before 
the  war  and  net  upon  the  Talass  no*  exletlng.       .  ^   „  ^, 
.         Cash  prices  of  materials  obtained  from  Henri  D.Haeklns, 
U  charge  of  Tertlllxer  Section.  Maeaachusetts  Agrlcultur*! 
Kxperinent  Station. 
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ggtlBfttod  Manurlal  Value  of  Uayea. 


Speeles  of 
Iftavas 

Time  of 
collec- 
tion 

Soil^ 
type 

Height  of 
learss 

from  top 
of  soil 

Per  cant 
Kit  ro  gen 
Dry  basis 

Per  cent 
Dry  basis 

»er  cant 
Dry  basis 

lanur- 
lal 

Jnlts 

Istinated 
ralue  per 
;on  of 
iry 

»tter 

Sstiaated 
ralue  per 
ton  on  a 
lOf,  ■oieturs 
lasia 

9-16-13 

Se 

15  ft. 

1.379 

.4948 

.8555 

4.741 

3.83 

13.06 

m 

w 

W 

45  • 

1.446 

.6305 

.6837 

5.11 

4.09 

3. 27 

Cfaastaut 

« 

ft 

10  " 

1.954 

.6992 

1.489 

7.07 

5.65 

4.52 

• 

fl 

50  " 

1.930 

.6852 

1.221 

6.72 

5.37 

4.29 

Oak 

9-13-13 

•t 

12  " 

2.079 

.5182 

1.022 

6.T1 

5.35 

4.29 

ft 

• 

ft 

40  " 

2.0S7 

.6479  1 

1.325 

7.19 

5.74 

4.59 

tfapla 

9-20-13 

Ha 

8  " 

2.126 

1.031 

1.014 

7.34 

5.87 

4.69 

« 

fli 

« 

30  * 

2.110 

1.123 

1.193 

7.&9 

6.07 

4.65 

Chastnut 

9-24-13 

« 

10  " 

2.438 

1.162 

.9ai7 

8.25 

6.60 

5.28 

« 

ft 

•1 

50  " 

2.106 

.8426 

1.017 

7.21 

5.76 

4.60 

Oak 

9-26-13 

H 

5  " 

2.475 

.9634 

1.007 

6.13 

6.50 

5.20 

•t 

» 

N 

50  ■ 

2.453 

1.091 

.9687 

8.18 

6.54 

5.23 

Ifaple 

9-28-13 

Tj  

8  " 

1.907 

.7249 

« 

M 

« 

50  • 

1.420 

1.056 

1.007 

5.61 

4.48 

3.58 

ChestiBit 

It 

•1 

8  " 

2.798 

1.333 

1.460 

9.66 

7.72 

6.17 

m 

11 

50  • 

2.991 

1.405 

1.343 

10.20 

6.16 

6.52 

m 

■ 

10  • 

2.044 

.7295 

1.182 

7.01 

5.60 

4.48 

M 

m 

•1 

40  " 

2.255 

.9389 

1.280 

7.84 

6.27 

5.01 

1  aapxa  • 

— *^  X* 

Ha 

8  " 

3.201 

.9303 

1.614 

10.54 

8.43 

6.74 

1  " 

II 

w 

50  • 

3.483 

1.079 

1.834 

11.61 

9.28 

7.40 

Chestnut 

6-1-14 

• 

10  • 

2.959 

1.024 

1.450 

9.67 

7. 69 

6.31 

m 

m 

• 

50  " 

2.660 

.9530 

1.747 

9.34 

7.47 

5.97 

Oak 

6-5-14 

5  " 

3.175 

1.048 

1.561 

10.55 

8.44 

6.75 

• 

m 

« 

50  " 

3.460 

.9399 

1.519 

11.11 

8.88 

7.10 

Soil  types  referred  to  are 
follows:  Se,  Suffield  eUy;  Ha, 


according  to  legend 
Holyoke  stony  loam; 


used  by  Bureau  of  Soils  and 
Ts,  Vetbersfield  loaa. 


are  aa 
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The  values  givan  are  figured  simply  </^on  the  basis 
of  the  ehisf  fertiliser  constituents  in  the  leaves  and  no 
attempt  has  been  asuie  to  deduct  the  oost  of  handling  or  to  da- 
terKine  the  availability  cf  these  substances.    Turthsr  investiga- 
tions will  be  undertaken  to  asoertain  the  availability. 
fl4iHP^rg  cf  Tabla 

The  leaves  of  the  chestnut  show  the  highest  cash 
value,  t6.52  par  ton  for  leaves  taken  froa  the  top  branehss 
of  the  tr«a« 

The  vsaues  for  the  spring  leaves  are  much  higher 
than  the  value  of  tha  fall  leaves  taken  from  the  saM  tree. 
Tha  results  upon  the  spring  leaves  were  obtained  only  for  coar- 
parison. 

1.  Tho  leaves  collected  In  the  spring  show  a  higher 
content  of  nitrogen  and  potash  than  those  collected  la  the  fall 
from  the  saas  trees* 

2.  The  phosphoric  acid  content  varies  *lth  tha 
species  of  tree  and  also  with  the  section  of  the  tree  from  which 
tha  laavea  were  obtained. 

3.  The  lowest  amount  of  nitrogen  and  phosphoric  acid 
occurred  in  thoss  leaves  collected  from  trees  grown  upon  a  clay 
soil.    The  higheet  content  of  nitrogen,  phosphoric  acid,  and 
potash  occurred  In  those  leaves  collected  from  trees  grown  upon 
tha  Holyoke  stony  loam  and  Wathersfield  loaa. 

4.  The  leaves  from  tha  upper  branches  of  ths  npla 
and  oak  }*ve  a  higtor  content  of  nitrogen,  phosphoric  acid  and 
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potash  in  ths  majority  of  eases  than  those  taken  froa  the 
lower  branches.    In  the  ease  of  the  shestnut  the  reverse 
appears  to  be  true,  the  leares  from  the  lower  branches 
bariag  the  larger  amount  of  nitrogen,  phosphoric  aeiA  etnd 
potash,  with  some  exceptions,  than  those  remored  froa  tfas 
upper  branches. 

5.  The  estinated  theoretical  msh  ralue  of  a  ton 
of  leares  calculated  upon  a  20  per  eent  moisture  basis  varies 
froa  |3.00  to  |6«50,  depending  upon  the  kind  of  leaves  and 
upon  what  portion  of  the  tree  they  were  gr«wn< 

6.  The  cost  of  collecting  and  handling  would  pro" 
bably  be  greater  than  the  value  of  the  leaves,  thus  making  it 
inadvisable  in  most  oases  for  farmers  to  spend  their  tims  in 
this  way. 
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